of data supporting an active transport model for calcium absorption (11) (12) (13) 22) were pointed out by Helbock et al. (4) They studied the movement of calcium across rat duodenum using in vivo and in vitro perfused intestinal loops and a modification of the in vitro system of Ussing and Zerahn (18) . In the absence of inorganic phosphate (Pi) and with the transmural potential (PD) short circuited, they found no active transport of calcium (MS flux/SM flux = 0.97; [Ca+2], 1 (lo-" M). (TdS flux refers to movement from the fluid bathing the mucosal surface: of the intestine to the fluid bathing the serosal surface; SM flux is movement in the opposite direction). Calcium fluxes were also studied over a l,OOO-fold range of calcium concentrations (from 1 (lo)+ to 1 (lo)-" M), and changes in calcium transport were linear which suggested to them that either passive diffusion or a carrier-mediated system well below saturation was involved. Phosphate fluxes were studied under short-circuited conditions and active transport of P; was observed (MS flux/SM flux = 1.54 This calculated mean represents an N = 1.
RESULTS
Rat small intestine is electrically polarized so that the serosal surface is positively charged relative to the mucosal. The mean transmural PD was 5.2 mv & 0.4 SEM when the tissue was first mounted in vitro and gradually fell to 3.8 mv =t 0. I SEM after 1.5 hr incubation.
The electrical potential across the rat small bowel was used to monitor the viability of the preparations because this potential appears to be generated by the metabolically dependent active transport of sodium ion (4, 14). The MS and SM fluxes across the whole intestinal wall are the resultants of individual efflux and influx events occurring at both the luminal and contraluminal membranes of the mucosal cells as well as across a serosal barrier ( g e. ., connective tissue and muscle). In a group of experiments, the intestinal epithelium and underlying tissue were scraped from the serosal musculature. This remaining tissue, as expected, behaved as a simple diffusional barrier with a permeability about twice that of the intact tissue. This tissue was therefore not rate limiting as far as diffusion across the whole intestinal wall was concerned. Active transporl of cakium. In normal animals a large net MS flux of calcium was observed (MS flux = 17.1 =t: 0.6 SEM rnpmoles/cm2 X 10 min, N = 5; SM flux = 7.9 & 2.0, N -4; P < 0.005) (Fig. 1) . Since the net flux in the steady state was electrochemically uphill, these results demonstrate active transport of calcium. The passive flux ratio predicted by Ussing's equation (17) at a PD of 5.2 mv was much lower (0.68) than the ratio observed for mean MS flux/SM flux in normal animals (2.2), again indicating active transport of calcium. The metabolic dependence of both net calcium absorption (13) and tissue uptake of 45Ca by slices of rat duodenum (12) has been previously demonstrated in vitro and we have confirmed this relationship in other experiments.
Intestinal calcium absorption is dependent on an adequate supply of vitamin D (3, 8, 13) . If the observed asymmetric flux ratios were produced by sources other than the active transport of calcium (e.g., solvent drag), then an equivalent asymmetry would be expected in vitamin Ddeficient animals if other intestinal transport processes are unaffected by this deficiency.
Furthermore, vitamin D supplementation would not be expected to alter this relationship. The effect of vitamiu D was tested in the present system using 50-to-70 g animals placed on a vitamin D-free diet for 10 days.
In The effect of vitamin D on SM flux was not measured so that bidirectional effects of vitamin D cannot be evaluated.
Transport enhancement by lowered dietary calcium. The preceding results show that calcium transport is directional in segments of duodenum from growing normal animals bathed in a Pi-containing medium. Dietary calcium deprivation is known to enhance an animal's ability to absorb calcium (3, 6, 8) . Studies using everted gut sacs have demonstrated that LCD increases serosal to mucosal fluid 45Ca ratios relative to controls (6). However, these studies did not determine which flux processes were altered, i.e., decreased SM flux, increased MS flux, or some combination of changes.
In our experiments, unidirectional fluxes were measured in order to determine which of these changes were occurring.
In LCD rats the mean calcium MS flux was greatly increased over controls (P < 0.001) while the SM flux was uilchanged (Table  I )+ The PD was unaffected by LCD (PD = 5.3 A 0.2 SEM nzv, Y = 38). The LCD enhancement was therefore on the MS flux or active component of the calcium transport system. The mean MS flux-to-SM flux ratios were approximately doubled (2.2 normal vs. 4.2 LCD). This effect may represent an induction of active transport and will be discussed later in more detail.
Inorganic phosphate dependence of calcium transport. Since it has recently been suggested that Pi transport is requisite for the net movement of calcium (4, 7), calcium fluxes in normal and LCD animals were also studied in a Pi-free medium. In the absence of Pi, MS flux was not depressed and SM flux was unchanged (Table  1) . In LCD animals MS flux was actually increased in the absence of Pi (P < 0.05) ( Table  1 ). The removal of P; did not alter PD in either normal or LCD animals. Therefore, active calcium transport in this system at the concentrations studied was not dependent on the presence of phosphate in the bathing solution.
E$ect of age on calcium trans@rt.
Bidirectional
calcium fluxes were also studied in adult (350-to 400-g) male Ho&man rats at a [Cat21 of 2.5 mM. In the absence of Pi there was no net calcium transport ( Pi absent in all cases. JMS = calcium MS flux, JIM = calcium SM flux, JM8 corrected = JMS observed -0.68 X JaM observed. Calculated V,,, is derived from which the measured fluxes occur, the mechanism or mechanisms which these kinetic constants reflect and their location cannot be determined from these experiments alone. When saturation experiments were performed with normal animals in Pi-free media, MS flux again approached a plateau.
Unfortunately, base lines in these experiments were sufficiently different, probably because of seasonal and slight age differences, so that these data cannot be directly compared to LCD saturation kinetics.
DISCUSSION
The present data clearly demonstrate an active calcium transport system in rat duodenum which is not phosphate dependent.
Most 
